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NATI3NwL ADVISORY COi4i41’2TZ:2 FOR KZRONAUTICS 

MXMORANDUM WF‘ORT 

f o r  t h e  

Air M a t e r i e l  Command, U.S .  Army A i r  F o r c e s  

ELIMTNATIOIU’ OF RUPBLE F3Oi.I T% COOLING DUCTS OF A 

SINSLE--EU?2ImE PllsSUIT ,AIS?LANE 

By Howard F . Matthews 

H f u l l - s i z e  s ing le-engine  p u r s u i t  a i r p l a n e ,  w i t h  wing 
t i p s  c u t  o f f ,  was t c s t e d  i n  t h e  16-foot  wind t u n n e l  of  t h e  
kmes A e r o n a u t i c a l  Labora to ry  at  K o f f e t t  F i e l d ,  Calif. Thz 
purpose  was t o  f i n d  3 e m s  for e l i c i n a t i n g  an c x t r e r x  ru rb l c  
which o c c u r r e d  a t  h i g h  speeds when zhe radiator  air-dl-%ct- 
e x i t  openings  were small. 

The r1,ost e f f c c t i v c  remedy found was p l a c i n g  thc c ; i t rance  
t o  the d u c t  well o u t  of t h e  boundary l a y e r  o f  t he  wink s o  
t ha t  t h e  v c l o c i t y  d i s t r i b u t i o n  W O V . ~ ~  be f a v o r a b l e  toward  - 
removal of s e p a r a t i o n  end b u f f e t i n g  i n  t h e  d u c t .  m m c z - s i n g  
t h e  d e p t h  of t h e  g u t t e r  and r educ ing  -the i n l c t  area z:;~ c l s o  
have c o n t r i b u t e d  t o  c o r r e c t i o n  of t h e  d e f e c t ,  

IMTRODIXIION 

Pilots of  t h e  a i r p l m c  had rc;>orted 3hzt a heavy 
v i b r a t i o n  o r  A rumble occui-red at h i g h  speec?, a p p a r e n t l y  i n  
t h c  r d i n t o r  a i r  d u c t s .  The s c v e r i t y  of t h e  rumble was s,o,id 
t o  be i n c r e s s e d ,  main ly ,  b y  closi;?g the f l a p  Et tkc  c x i t  O f  
t h e  coolen t - . rad iz . tor  d u c t  and, t o  c lesser e x t e n t ,  b y  c b s i n g  
t h e  f l a p  of  t h e  o i l - r a d i a t o y  d u c t ,  I n  a d d i t i o n ,  i t  appecred  
t h F L t  t h e  rumblc was more severe a t  ang le s  of  zLtt,-ck l c s s  t h a n  
r c q i i r e d  f o r  high-spezd l e v e l  f l i g h t  e 

i n d i c a t e d  that  t h e  rumble was not  c a a s e d ,  p r i m e r i l y ,  b y  
v ib r :> t ion  of t h e  d u c t  s t r u c t u r e  i t s e l f .  
s e v e r e ,  howcvcr, t h a t  some remedy was necess?-ry I i h r e f  o x ,  

P r e l i m i n e r y  work done i n  fli:ht b y  t h e  manufac tu re r  

The n o i s e  rn was s o  
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a t  thc rc(1uest  of t h e  ~yff i ; -  air F o r c c s ,  i+' i ,eriel  Cornrnnnd, -.n 
i n v c s t i g n t i o n  of t h c  proolen! wpLs Ixn?-ert,-.;cen i n  t hc  16- foot  
win6 tuniic; of tl-e Aces h c r o n a c t i c p - 1  L z b o r z t o r y ,  f 3r i t  wc?s 
realized that  cocsiderab7Le 2 i m e  couiCL be saved b y  u t i l i z i n g  a 
wind turil iel ,  r a t k e r  t h a n  f r e e  f 1 1 S h t ,  i n  the t e s t  progrE.z3 

The 16-foot  wlnd t u m e l  of the  Ames A e r m F u t i c - l  Labora- 
t o r y  has c?. c l o s e d  t c s t  s e c t i o ; ? ,  3. silv.,cle c l c s e d  recuran 
passc.&e, ,?nc3 i s  of c i r c u l a r  c r o s s  s e c t i o n  throv.gho;t. 

The a i r F l m e  f u r n i s h e d  for t2.e t::i?d-.t;uiq:-i?l t e s t s  c i i l"fcred 
f ro:n t h e  p rom3uc t  ion mo3eL i n  th;"t t h e  vi:-:;; X::S pl.ace5 3 !.i:ckes 
h i g h e r .  This  v z r i a t i o n  r e s u l t e d  i n  t h e  cmb>.r*etLir- S C ~ O ~  

b e i n g  below t h c  b o t t o n  of t h e  wiRg, b u t  'the ef:.'ect on the 
cooling 3 i r - d u c t  pc r fo raa r i ce  was t h o u g h t  t o  be n e g l i g i b l e .  

For zelots a t  specds  up t o  2cG z i T c s  Lier hqm, t h e  E i T -  
p l a n e  vas suppo;.tcd o n l y  on t h c  t r u i l n i o n  p l a t e s  ( f i g a  1). 
The m g l c  of 2.txack VJGS v a r i e d  b>- rol;ctin:: t h e  t r m m i o n  
p l r t c s ,  and t h e  f o r c e s  on t h e  a i r p l a n e  wL7e ncasurcd b y  t h e  
s e l f - b a l z n c i n ? ,  recording beom s c d e s  of  t he  rcgGl?i-  balance 
s y s t e n .  

t i o n a l  sui3?port b y  c? t a i l  s t r u t  ( f i g .  21 x i i c h  was scccrzl ; :  
f2" s t ened  t o  t he  t o p  oi' t h c  t u n n c l  s n c l l .  Fo rca  i>Cz-Sui-efiCnts 
were not  m d e  for t h i s  t y p e  of n o ~ n ' c i ; a ~ .  

For t h e  hi&-speed t e s t s ,  t k c  n i r Q l a n e  was g i v e n  c..ddi- 

A p i l o t ,  33: OccupTnt, of the a i i ~ p l x x  was c s s s n t i r l ,  
s i n c e  t h e  rumble c o u l d  b e  d i E t i n g u i s k c d  only f r o x  i n s i d e  the 
c o c k p i t .  Corraunic? t i o n  F\T~?.S. m?iritF-imd wi :J t L e  p i l o t  t k o u L 5  
car2i iones 2nd t h r o g t  c . icrophoncs . 
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The program f o r  t e s t s  was completely f l e x i b l e  and de- 
pended l a r g e l y  upon what w2.s l e a r n e d  as t h e  i n v e s t i g F - t i o n  
proceeded.  I n  g e n e r a l ,  f o r  each  chpnge i n  form o r  co,rrange- 
ment of t h e  d u c t ,  t h e  e x i t  openings were v a r i e d  t h r o u g h  
e l e c t r i c a l  c o n t r o l  of t h e  f laps  b y  the p i l o t ,  who also 
obscrvcd t h e  rumble. The flap openings employed, as  
mezsured z.t t h e  c e n t e r ,  and t h e  co r re spond ing  a r e a s  a t  t h e  
e x i t s  were as follows: 

The s i i d l e s t  openings g iven  ibove wcrc for t h e  flaps ng:niilSt 
t h e  s t o p s  sild provided  t h e  mil1iixu.n m e a  available. The o;~en- 
i n g s  of 5.9 inches  sild 3.1 inchcs  fo i?  t h e  coolFLnt - r?d izkor  
d u c t  and o i l - r a d i a t o r  d u c t  r e s l x c t i v e l y ,  were for f l ~ ! p s  
flush w i t h  t h e  o u t e r  s u r f a c e  of t h e  d u c t .  The l m g e s t  Ope;>- 
i n @  were t h e  naxinun z v ~  i l r b l e  * 

Thc cho ice  of ixodif i c a t i o n s  i n v e s t i g a t e d  w2.s i n f l u e n c e d  
g r e a t l y  by t h e  comKents of t h e  ;iilo’L i>cge rd ing  t h e  rumble 
and b y  v isuc? l  o 3 s c r v a t i o n  of t he  a - i r  flow ?*bout t h e  d u c t  
t h rough  the p L i d  of wool t u f t s .  Photo;;raphs of t h e  t u f t s  
were ride t o  o b t a i n  r e c o r d s  of  - G ~ C  F . i r  flow i n  t y p i c p l  c -?ses .  
~f t n e  modificp.t ion uncer  t e s t  ii?Clc-ted a d e c r e n s e  of k c  
rumble,  pressure d p t a  f o r  c o r q u t i n g  the -flow th rough  the 
d u c t s  were r cco rded  and drTLg t e s t s  ~ “ t  thre.:, p - rq les  of ,-.tceck 
werc: i3ade. 

f 

The dF.tc? were c o r r e c t e d ,  adp?iqoxii.lT.tcly, for The r a t h e r  
l a r g e  c o n s t r i c t i o n  e f f e c t s  on t h e  dynncic  p r e s s u r e  , v c l o c i t y ,  

, d e n s i t y ,  3.nd Mc7.ch number, b u t  n o t  f o r  t h e  tunne l -wa l l  e f f e c t s  
on the  angle of e t t a c k .  
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--.- 9uix'ole .- 3cf o r e  t i x  i i lve sti,:-.tioii of  ti:e p r o b l c n  C G U ~ ~  
be i n i t l ? . t i = d ,  t h e  ruble h.d t o  be olt?,iiicc', I n  t he  w i n i  ~XI-- 

S ince  t h e  ruri'sle d i d  n o t  o c c u r  t;liei? -the cooiant -duc t -  
e x i t  opening  WF.S h r 2 e J  t h e  f i r s t  r;iodii-ic?-tion wrs t o  pro- 
v i d e  an i r i c r ease  ?E t h e  cinisu:: v,-,lue of  t h e  e n t r a n c e  

ri s t u d y  of t he  t u f t s  ( f i g s .  4 pun=? 5 )  indic;..tc:d t h t  thc 
bot tom of  the wing ne?.r t h e  d u c t  WF.S i l i  a s t r . l l c d  c o n d i t i o n  
and th2.t t h e  f l o v  a lozg  thc i n s i d e  0;' tkic d u c t  a t  t k c  to?  of 
t h e  e n t r a n c e  was r c v c r s e d .  The LpiXi- i i p  o f  t h e  entr ,?nce w a s  



ex tended  13-3/4 i n c n e s  ahead of i t s  o r i g ; i n a l  p o s i t i o n  and 
was f a i r e d  i r i t o  the o r i g i n a l  l - o ~ e r  1 i i J .  ?he l e a d i n g  eage of  
t h e  e x t e n s i o n  W R S  made sti.s.igh'i, 2.t t h e  t o p  afid WJE:.S Gleced  
about  f i v e - e i g h t h s  of  a n  i n c h  c.io~2.y f r o n  t h e  wing-bol t  f a i r i n g  
at  t h e  c e n t e r .  l i n e  of t h e  a i r p l m e .  The e x t e n s i o n  was f a i r e d  
i n t o  t h e  l i n e s  of t h e  o r i g i n a l  d u c t .  The l i p  e x t e n s i o i i  and 
t h e  r e s u l t i n g  iliprovement i n  t h e  f l o w  ? re  shown i n  f i g u r e  6. 
With t h e  bypass or;en, t h e  d u c t ,  -thus ::,edified, had o n l y  i? 
slight y i m ' c k  a+, 429 m i l e s  p e r  hour .  

t o  l o f t  l i n e s  des igned  b y  t h e  n a n u f x t u r e r  t o  p r o v i d e  a h i g h e r  
e n t r m c e  v e l o c i t y  and t o  reduce  t h e  s s p a r a t i o n  a t  t h e  t o p  
p o r t i o n  l e a d i n g  t o  the cool-ant r a ' i i a U o r .  This  was excon- 
p l i s h e d  b y  ex te i ld ing  t h e  par"sifuiol1 b e t x e e n  t h e  co319.nt- and  
o i l - r sLd ip2 to r  d u c t s  t o  t h e  e n t r r n c e ,  a i d  r e d e s i g n i n g  the 
coo lan t -duc t  d i f f u s e r .  A f l z p  W E ~ L S  i n c o r p o r a t e d  by t h e  Arxes 
A e r o n a u t i c a l  Labora, tory t o  pTov1cj.e R Sypass f ron f o r w m d -  of 
the c o o l m t  r a d i a t o r  t o  z f t  of  t h e  o i l  r a d i a t o r .  This 
r e v i s i o n ,  shown by f i g u r e  7, i s  cF. l led the " d i v i d e d  due$.' '  
It proved  to have a l z t e r  and l e s s  i n t e n s e  r u d c l e  t h 2 n  
the  o r i g i n a l ,  b u t  WFS i n f e r i o r  t o  t h e  o r i g i n a l -  2.s x o d i f i e d  
b y  an e x t e n d e d  upper  l i p  a t  t h e  e n t r r i l c e .  
bypass removed t h e  rumble t o  c?. degree  (up  t o  337 m i l e s  p e r  
h o u r )  b u t  d i d  not  e l i m i n a t e  it 2,t t h e  h i g h e r  s p e e d s .  

Another  l i p  e x t e n s i o n  was made ( f i g .  g )  and a t t a c h e d  t o  
the d i v i d e d  d u c t .  This  e x t e n s i o n  pic".s similar t o  t h t  used  
on t h e  o r i g i n a l  d u c t ,  with t h e  exce i l t i on  t ha t  it was c a r r i e d  
o n l y  lO-7/g i n c h e s  fo rward  and -the l e a d i n g  edge was pl-aced 
1 i n c h  away f rom .the wing-bolt  f;uii.ii:g. This r;lodific-?i;ion 
r educed  t h e  r u n b l e  t o  E p o i n t  where i t  ~ 2 , s  n o t  d i s c e r n i b l e  
from t h e  g e n e r a l  v i b r a t i o n  of t h e  rd i r i l l ane  cut 5GO miles p e r  
hour ,  the h i g h e s t  speed  a t t a ined  i n  t h e  t e s t s .  

The n e x t  m o d i f i c a t i o n  of d u c t  'cried wes one c:onforning 

A s  b e f o r e ,  the  
' 

An a l t e r n a t e  change w2.s made i n  t h e  d i v i d e d  d u c t  t o  de- 

The t o p  of  t h e  en- 

t e r x i n e  if p l a c i n g  t h e  e n t r m c e  f e ; ? the r  f rom the  lower  s u r f e c e  
of the wing o r  e x t e n d i n g  the upper l i p  fo rward  was t h e  liiore 
i m p o r t a n t  f a c t o r  i n  r e n o v i n g  t h e  r u n b l e .  
t r 2 n c e ,  w i t h o u t  l i p  e x t e n s i o n ,  wr".s lowered abou t  1 i n c h  
f a r t h e r  frorc t h e  wing s u r f e c e ,  ;i?d t h i s  d r o p  was c a r r i e d  
a l o n g  the t o p  i n n e r  surfF.ce of t he  c o o l a n t  d u c t  t o  w i th in  a 
few i n c h e s  of the r a d i a t o r .  From t h i s  p o i n t ,  i t  was f a i r ed  
i n t o  t he  p r e v i o u s  l i n e s ,  The ' o i l - r a d i a t o r  d u c t  was l e f t  un- 
changed. F i g u r e  9 shows t h i s  nodiL' icat ion.  This form, like 
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F i g u r e  23 shows t h c  principco.1 f o r n s  of d u c t  i n v c s t i g z - t c d  
and ;-ivcs 2. su:xary of The p r f o r m n c e  , whem de t e r x i n c d ,  f o r  
t h e  v a r i o u s  co r ,d i t i ons  of t h e  t e s - t s .  

C ONC LiiS iO2S 

The prcb1er.i of  e l i n i n ? . t i n g  a h e m y  v i b r c ? t i o n  o r  rurnblc, 
which o c c u r r e d  c?t h i g h  spcods  whcn t h e  r d i T - t o r - d u c t - e x i t  
openin,s were sx.11, w 3 - s  s o l v c d  by either of t.100 des igns .  

The f i r s t  i n c l u d e d  an upixx-lip e x t e n s i o n  of t h e  enc rnnce  
t o  a d i v i d e d  d u c t ,  which d i f f e r e d  fi-or.1 t h e  o r i g i n d  i n  t h a t  
t h e  p a r t i t i o n  bctwecn t h e  c o o l m t -  3.A o i l - r a d i a t o r  d u c t  
d i f f u s e r s  w.~ra ex tended  t o  the cntrn.ncc.  The coa lFnt -duc t  
d i f f u s e r  w?.s d s o  r e v i s e d .  Thc e f r c c t  of t h e  c x t e n L i o n  w2.s 
twofo ld :  f i r s t ,  t o  rove  t h e  c n t r m c e  f c r t h c r  froi2 the lower 
s u r f a c e  o f  t h e  win,; and, second, t o  incmase  the  depth of 
t h e  g u t t e r .  

The second s u c c e s s f u l  desigil wc?s i? z o d i f i c r t i o n  of t h e  
d i v i d e d  d u c t .  It l i k e w i s e  Eoved t h e  e n t r a n c e  t o  t h e  cool;LLit 
d u c t  away f r o n  t h e  lower silrfr?ce o f  'ihe wing, b u t  i t  did n o t  
chance the  d e p t h  of the  g u t t e r .  The i - cv l s ion  r e d u c e d  the 
i n l e t  m e z .  of the c o o l a n t  d-uct f ro rn  1-63 s q u a r c  i n c h e s  t o  
138.7 squnre i n c h e s .  

The norc i n p o r t n n t  f ? - c t o r  i n  t he  s o l u t i o n  was ei:idently 
p l a c i n g  t h e  e n t x n c c  of  t h e  d u c t  1vcll o u t  of t h e  boundc?ry 
l?.ycr of t he  win&, s o  t k t  the v e l o c i t y  d i s t r i b u t i o n  2,t t h e  
e n t r r n c c  tvou.ld be fc.vor;7.ble t o  rer..clval of scp.w;l-tiorz ?.nd 
b u f f e t i n g  i n  t he  d u c t .  I n c r c n s e  i n  the d c p t h  of g u t t e r  
and r e d u c t i o n  o f  i f i l e t  mei! m y  c d ~ o  hnve c o n t r i b u t e d  t o  
the  s o l u t i o n  of  t he  p r o b l e c ,  

M X S  AeronT.uticn1 LF.borr t o r y ,  
N c t  ionnl Advisory Conxi t  i;cc f o r  i i e r o n n u t i c s ,  

1:ioffett F i e l d ,  C c l i f  
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Iygure 1.- Three-quarter rear d e w  of the airplane rormted 
in the 16-foot nlnd tunnel. 

Figure 2.- Threequarter ironti vier  of the airplane m o u n t e d  
i n  t b  16-foot wind tunn.1. 



\ RADIAlDA DUCT HOUSINO 

RADIATOR DUCT HOUSINQ REMOVED j S H O W I N G  LOCATION 

OF LOUVERS j SHIELD OVER LOUVERS; A N D  FLOW OF AIR 

FROM L O U V E R S ,  DOWN THE S I D E  A N D  O U T  THE SIDE 

E X  IT. 

FIGURE 3 .- BY-PASS ARRANGEMENT ON ORIGINAL DUCT 
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Figure 4.- Side view of o r i g i n a l  duct .  
a = -20, f laps  closed. 

Figure 5.-  Three-quarter foront view of original 
duct entrance. a = -2 , f l a p e  cloeed. 



?.5%t;lre 6.- Three-quarter front view of original  
duct with l i p  exteneion. 
cloaed, bgpase half’ open 

a = -20, f laps  

. 

?- 7.-  Three-quarter front view of the divided duet. 
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Figure $.- Three-quarter front  view of the divided duet 
with lip extension. 

Figure 9.- Three-quarter front view of  the modified 
divided duct. 
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